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Expression and Purification of Atgll: a protein involved in
the organization of Autophagy
1.0 Abstract
Autophagy is a physiological process for the degradation of internal cell components to
promote cell survival. This process allows the cell to maintain homeostasis, recycle damaged
cellular components and helps protect against disease. Autophagy can be selective or non
selective. Non-selective, or bulk, autophagy occurs during times of cellular starvation and results
in non-specific degradation of cytoplasmic materials. Selective autophagy targets specific
components within the cytoplasm for degradation, and is always active. In both forms of
autophagy, components are degraded when a double-membraned structure, called the
autophagosome, encapsulates the target cargo and is then recruited to the lysosome in mammalian
cells, or the vacuole in yeast cells. There are approximately 30 proteins involved with the process
of selective autophagy and one of the most understudied is Atgl 1. Atgl l has been shown to
interact with a number of other autophagy proteins via its coiled-coil domains, 2 and 3. Thus,
Atgl 1 is thought to be a central organizer of selective autophagy, but it is not known if Atgl 1
organizes its binding partners spatially, or temporally. We have expressed and purified our target
portion of Atgl 1 as well as cleaved the GST-tag associated with Atgl 1 in its purified form. We
have also shown that Atgl 1 self-interacts to form an oligomer in vitro.

3

2.0 Introduction
Autophagy is a cellular process that deals with the destruction of internal cell components
by means of degradation and the actions of lysosomes, in order to promote cell survival. 1 The term
autophagy originates from Greek language and translates to "eating of self'. 1 Autophagy is present
throughout eukaryotes and is highly relevant to medicine. There is strong evidence linking
mutations in autophagy genes to various human medical conditions such as neurodegenerative
diseases, infectious diseases, and cancers.2 A few examples of these diseases include Alzheimer's
and Huntington's disease, for which there is no known cure.2•3
Autophagy has two variants: starvation induced, or bulk autophagy, and selective. Bulk
autophagy is induced by starvation and is responsible for the degradation of non-specific
cytoplasmic materials.4 Bulk autophagy allows the cell to maintain homeostasis during times of
fasting, but this pathway can be detrimental to the cell if active for too long as some of the
important cellular machinery may be degraded. Though it is true that prolonged bulk autophagy is
potentially deadly to the cell, it is still a vital to maintaining a healthy cellular environment. 5
Figure 1 depicts the bulk, and selective autophagy pathway, which targets specific
components within the cytoplasm for degradation, such as damaged mitochondria via mitophagy,
or protein aggregates via aggrephagy.
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Figure 1: Bulk and selective autophagy both involve movement ofcargofrom the cytoplasm to the
vacuole. In bulk autophagy, the cargo is random cytoplasmic components, while various types of
selective autophagy have distinct specific cargos such as intracellular pathogens for xenophagy
and mitochondria for mitophagy. Diagram courtesy of Dr. Steven K. Backues.

Both autophagy pathways share the same general mechanism. Cargo destined for
degradation is encapsulated by a double-membraned vesicular structure called the
autophagosome.1 The autophagosome is then sequestered to the lysosome in mammalian cells, or
the vacuole in yeast cells. The vacuole is an acidic compartment that functions as the stomach of
the cell. Materials taken into the vacuole are broken down into their amino acid subunits by
proteases and the amino acids are transported back into the cytoplasm for the rebuilding of
macromolecules.• The general mechanism of autophagy can be seen in figure 2.
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Figure 2: Pathway for autophagy. In autophagy, the target cargo is encapsulated by the
autophagosome and brought to the vacuole for degradation by proteases. Diagram courtesy of Dr.
Steven K. Backues.

Within selective autophagy there are approximately 30 proteins that organize the formation
of the autophagosome and the sequestering of said autophagosome to the vacuole.6 One of the least
studied proteins in this process is Atgl 1. Atgl 1 is thought to be a scaffolding protein that recruits
other Atg proteins to the phagophore assembly site (PAS), the complex responsible for
autophagosome formation. 7 This was hypothesized, in part, because Atg 1 1 has been shown to act
as a scaffold that targets Atg9 to the PAS.8 Atg9 is a transmembrane protein that is embedded in
clusters of vesicular subunits and these components are thought to fuse, forming the membrane of
the autophagosome.9 Atg 1 1 has also been shown to interact with a minimum of 6 proteins related
to autophagy, including Atg9 and itself, via two of its four coiled-coil domains. Figure 3 displays
the mechanism by which Atg 1 1 is thought to interact with some of its binding partners.
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Figure 3: Atgl J interacts with various other Atg proteins. This diagram, depicts a possible
mechanism by which Atgl 1 might organize multiple proteins, including Atg9, during
autophagosome formation. As seen in this figure, Atgl 1 may form a scaffold complex via self
interaction. Figure adapted from reference 7.
As aforementioned, Atg 1 1 interacts with most of its binding partners via two of its coiled
coil regions. Specifically, coiled-coil domains two (CC2) and three (CC3).7• 10 Figure 4 is a protein
map of Atgl 1 displaying its coiled-coil domains and corresponding binding partners.
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Figure 4: Domain map of Atgl 1. This schematic shows the protein interactions that occur at CC23 and the locations of those domains. Numbers indicate the approximate amino acid residue at
which each coiled-coil domain is predicted to begin or end. Diagram courtesy of Dr. Backues.

Though it is known which proteins bind to Atgl 1 via CC2-3, it is not known whether Atgl 1
binds to its partners temporally, or spatially. 7 In other words, it is still unclear whether Atgl 1
recruits other proteins to the PAS all at once, or in more of an assembly line fashion. Unveiling
this aspect of Atgl l's binding behavior would give us a deeper understanding of the mechanism
of selective autophagy and present properties of Atgl 1 that were previously discovered. For this
reason, we proposed that if we expressed and purified the CC2-3 region of Atgl 1, we could test
the protein interactions of the two domains in vitro in order to further investigate Atgl 1's binding
behavior. The objective of my research was to successfully express and purify the CC2-3 region
of Atgl 1 in order to isolate the two most interactive domains for further testing. With purified
Atgl 1-CC2-3, we were able to test its self-interactive behavior in vitro.
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3.0 Methods and Materials
3A: Atgl 1 Insert Selection
To amplify ATGl 1 's coiled-coiled domains 2 and 3 (CC2-3}, we designed primers for
ligation independent cloning (LIC} that targeted residues 537 to 853 of Atgl 1 (Table 1). PCR
amplification of ATG11CC2-3 was performed using primers SKB208, SKB209 and either
pRS314-ATGl l -ATGI9-ATG23-ATG27 or genomic DNA from WT yeast (Saccharomyces
cerevisiae) as templates. The PCR was run using Phusion DNA polymerase (New England

Biolabs), as per the manufacturer's protocol.
1 1cation ofATGIICC2-3
Table 1 : Chosen pnmers f;or the amprfi
Forward Primer LIC Extension:
TACTTCCAATCCAATGCN
(SKB208)

Reverse Primer
(SKB209)

Full Primer:
TACTTCCAATCCAATGCAAATGAAGATGAGGAAGATGAAAATG
Annealing portion (reverse compliment):
TGAGTTAGTCTCAGCGTAACTTTTC
LIC Extension:
TTATCCACTTCCAATGTTA
Full Primer:
TTATCCACTTCCAATGTTATGAGTTAGTCTCAGCGTAACTTTTC

pMCSGIO
Forward
(SKB212)
pMCSGIO
Reverse
(SKB213)

ATT GGA TTG GAA GTA CAG GTT CTC
ATT GGA AGT GGA TAA CGG ATC C

The PCR was set to an annealing temperature of620, an extension time of30 seconds and
to cycle 30 times. In order to confirm that the target DNA sequence was present in the PCR
products, aliquots ofeach sample were analyzed on a 1 % agarose gel, via gel electrophoresis.
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3B: Plasmid selection and linearization
We decided to use pMCSG IO as our primary vector. This plasmid is a pMCSG7 derivative
and has several key features that make it useful for purification of ATG11CC2-3, specifically a
GST (Glutathione S-transferase) tag and a TEV (Tobacco Etch Virus) cleavage site. Table 2
displays some common key features of both plasmids.

protease cleavage site

TEV

TEV protease cleavage site

selectable marker

AmpR

ampicillin resistance gene

tag

GST

GSTtag

924

To purify the plasmids, Denville Scientific's PureLink plasmid purification kit was used. I
used a previously purified pMCSG IO template, courtesy of Dr. Steven K. Backues. To check the
concentration of the plasmid I used a Nanodrop 2000C spectrophotometer. PCR amplification and
linearization of pMCSGIO was performed using primers SKB212 and SK8213 (Table 1). The
PCR product was analyzed via gel electrophoresis.

3C: Building the expression construct
In order to generate our expression construct, consisting of our ATG11 insert and the
pMCSG10 plasmid, we used LIC and T4 processing. T4 processing chews back complementary
segments of DNA on the insert and vector, creating "sticky ends". This creates regions of overlap
between the two DNA strands and allows the target region of Atg11 to be inserted into the
pMCSG10 vector. A separate T4 reaction was run for the vector and the insert. Both reactions
were sent through a PCR cycle that consisted of 30 minutes at 22°C, 20 minutes at 75°C, then held
at 4°C until ready for use. The reaction mixture for both samples of DNA can be found in table 3.
10

After T4 processing, the insert and vector were allowed to anneal. The annealing procedure and
mixture can be seen in table 4. Once the annealing was complete, the mixture was transformed
into OHS-alpha competent cells.
To transform the annealing mixture into competent cells, I added 1µL of the annealing
product to 20µL of the OHS-alpha cells. This mixture was then incubated on ice for 30 minutes,
heat shocked for 42 seconds at 42°C, and then again incubated on ice for 2 minutes. Next, I added
1 mL of SO B (growth media) and mixed gently by inversion. The mixture was then allowed to
incubate at 37°C for 60 minutes, rotating at 300 rpm. lOOuLof this mixture was spread on an LB
+ ampicillin selective plate and incubated overnight at 37°C.
I inoculated four colonies from the plate and made a separate LB + ampicillin culture for
each of the colonies. The cultures were left to incubate overnight at 37°C. After incubation, I
purified the four samples with an Invitrogen miniprep kit and checked each concentration of DNA.
I ran another PCR using the four miniprepped DNA specimens along with 2 different templates to
serve as controls. The positive control was the template known to contain ATG23, 27, 11 and 19
on a pRS3 I 4 vector, while the negative control was a purified pMSCG 10 template. I ran the
samples on an agarose gel to confirm the expression construct. The samples were also sent to the
University of Michigan sequencing core to further verify the expression construct.
Table 3: T4

lasmid
12µLSx buffer
3µL1OOmM OTT
2.4µL 1 OOmM dGTP
l .SµLT4 DNA Polymerase
35.lµLdH20
6 L MCSG IO lasmid

ATG11CC2-3 insert
4µLSx buffer
1µL 1OOmM OTT
0.8µL1OOmM dCTP
O.SµLT4 DNA Polymerase
8.7µLdH20
5 LATGl 1CC2-3 insert

1l

•
Table 4: Annealing procedure
1. Mix on ice
a. lul of pMCSGIO plasmid
b. 2ul of ATG11CC2-3 insert
2. Incubate 10 minutes at 22 °C
3. Add l ul 25mM EDTA, incubate 5 minutes at 22 °C
4. Reduce temperature to 4°C
5. Hold on ice until use.

3D: Transformation into Rosetta E. Coli cells
Once the expression construct was verified via sequencing and gel electrophoresis, 2
pMCSG10-ATG11CC2-3 clones were selected to be transformed into Rosetta E. Coli cells. The
transformation process was very similar to the procedure used for the DH5-alpha cells. 1OOuL of
Rosetta E. Coli competent cells were thawed on ice for 5 minutes. Then I added 10 µL of each
specimen of clonal DNA into its own aliquot of Rosetta cells and mixed briefly by pipetting.
The mixtures were allowed to incubate for 45 minutes on ice, heat shocked for 42 seconds at 42°C,
and then again incubated on ice for 2 minutes. l mL of SOB was added and mixed gently by
inversion. The samples were then incubated at 37°C for 60 minutes, rotating at 300 rpm. l OOuL of
each mixture was spread on its own selective plate (LB + I00 µg/ml ampicillin + 34 µg/ml
chloramphenicol), incubated overnight at 37°C and then stored at 4°C. The resulting Rosetta E.

Coli colonies that formed on these plates contained the pMCSG10 plasmid with our target DNA
inserted into. Later in experimentation, pMCSGI0-ATG11CC2-3 was transformed into BL21
competent cells using the same procedure. Figure 5 displays a diagram of the creation of our
expression construct from start to finish.
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Figure 5: Visualization of the insertion and transformation process. Diagram courtesy of
Jennifer Jiagge.

3E: Analytical scale fusion test of protein expression
In order to test the expression of our desired protein, I ran an analytical scale protein
expression test. This test consisted of creating starter cultures containing the transformed ON A
specimens, inducing protein expression with IPTG and then using SOS-PAGE gel analysis. I
started cultures containing the transformed DNA in LB broth and allowed to grow overnight at
37°C. I also started two similar cultures, one containing an empty pMCSGIO vector to serve as a
13

negative control and one containing mTangerine to serve as a positive control. After the cultures
grew up, l mL from each culture was taken and mixed with I ul from a stock solution of IPTG
(SOOmM). Un-induced controls were created by making identical cultures with no addition of
IPTG. The cultures were then allowed to incubate for another two hours at the same temperature.
After incubation, the optical density at 600nm (OD600) was measured for each sample. The pellets
were then collected via centrifugation and washed with PEB I buffer. The washed pellets were
resuspended in I xSSB and disrupted via sonication. Then, I Oul of these samples were run on an
SDS-PAGE gel for analysis.

3F: Small scale protein expression and resin binding test
To further test for protein expression and resin binding of Atgl 1 CC2-3, I ran small scale
protein expression tests. This test used autoinduction rather than the manual addition ofIPTG. In
this procedure, 1 .SmL cultures of autoinduction media (Table 5) were prepared with 50 µg/ml
carbenicillin (Carb) and 34 µg/ml chloramphenicol (Cam).11 The cultures were then inoculated
with clean isolated colonies of the transformed DNA containing the expression construct. The
cultures grew overnight at 30°C and were then spun down for 1 minute at maximum speed. The
resulting pellet was washed with PEBI (25mM HEPES, pH 7, 1 50mM NaCl, 5% glycerol) and
resuspended with 1 ml PEBl with 1 0 mM P-ME and 1 mM PMSF. The cells were disrupted by
sonication consisting of threel O second pulses at a power level of 4 with 30 seconds cooling on
ice between each pulse. After sonication, 50ul of 20% TX-100 was added and the mixture was
vortexed. The samples were then centrifuge for 1 0 minutes at 10,000g while being kept at a
temperature of 4°C. The resulting supernatant (soluble fraction) was transferred to a fresh tube.
20ul of the supernatant was collected and mixed with 20ul of 2xSSB for SDS-PAGE analysis.
200ul of 2xSS8 was added to the pellet that resulted from this centrifugation for gel analysis. This
14

•
would serve as the insoluble fraction. Next, I added 25ul of 25% v/v glutathione resin (GSH) to
the supernatant. The GSH beads were used because Atgl 1CC2-3 is expressed fused to OST tag.
The GSH beads will selectively bind to GST-Atgl l CC2-3. The mixture of beads and supernatant
was mixed by rotation at 4°C for 30 minutes. After mixing, the beads were collected by
centrifugation at 500g for 1 minute. The beads were then washed three times with a solution
containing PEB1+1% TX-IOo+IOmM P-ME+l mM PMSF. The beads were resuspended in
solution by inversion. After the initial washes, the beads were washed once more with the same
solution, but this time without the TX-100 detergent. All of the wash buffer was then removed and
25ul of 2x SSB was added to the beads to create the bound fraction. All of the samples created
from this protocol were then analyzed via SOS-PAGE gel electrophoresis.

.
Table 5 : TY auto-mducf10n med'1a compos1'f10n
Stock solution containing
Component
components
(final concentration)
1% (w/v) tryptone
TY
0.5% (w/v) yeast extract
50X M
25 mM Na2HP04
25 mM KH2P04
50 mM NH4Cl
5 mM Na2S04
0.5% (w/v) glycerol
50X 5052
0.2% (w/v) a-lactose
0.05% (w/v) glucose
2 mM MgS04
1 M MgS04
Antibiotic
IOOO X
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3G: Large scale protein purification
Large scale protein purification began with the autoinduction of between 500ml and 2 Lof
total culture. A starter culture, consisting of12.5mLof SOC broth containing Carb (50 µg/ml) and
Cam (34 µg/ml) was inoculated with ATG 11CC2-3 that was transformed in Rosetta cells. The
starter culture was grown overnight to saturation at 37°C, shaking at 300 rpm. The 12.5 ml starter
culture was then used to further inoculate a 500mLculture of TY auto induction media containing
the same antibiotics as were used for the starter culture. The inoculated 500 mLwas then separated
into 50 mLaliquots in 250mLbaffled flasks and shaken at 300 rpm at 20°C for 24 hours. I checked
the OD600 after 24 hours. I then spun down the culture into two 50mLround bottom centrifuge
tubes at 10,000g for 10 minutes. The resulting pellet was washed once with PEB2 (25mM HEPES,
pH 7, 150mM NaCl, 5% glycerol, 2mM EDTA) and weighed. The pellet was resuspended in l mL
PEB2 per 25 OD units with 1OmM P-ME, 1mM PMSF and protease inhibitors (1OOuVgram of cell
pellet). The resulting mixture consisted of 25mL of PEB2, 24.Sul P-ME, 350ul PMSF and 350ul
protease cocktail, and had a total volume of approximately 35ml. Instead of using sonication to
disrupt the cells, I used a French Press (Thermo-Electron corporation). The max gauge pressure
used was 750 PSI and I conducted 3 passes.
After lysis via the French press, 20% TX-I 00 was added to a final concentration of 1%
TX-100 and the mixture was vortexed. 40ul of the lysate was removed and 40ul of 2xSSB was
added for SDS-PAGE analysis. This is the total fraction. The sample was then centrifuge for 10
minutes at 10,000g while being kept at a temperature of 4°C. The resulting supernatant (soluble
fraction) was transferred to a fresh 50mLconical tube. 40ul of the supernatant was collected and
mixed with 40ul of2xSSB for SOS-PAGE analysis. Next, I added l OOul of25% v/v GSH resin to
16

the supernatant. The mixture of beads and supernatant was mixed by rotation at 4°C for 60 minutes.
After mixing, the beads were collected by centrifugation at 4°C and 500g for 5 minutes. I took
40ul of the unbound fraction and added 40ul of 2xSSB to it for SDS-PAGE analysis. The beads
were then washed three times with 50ml volumes of a solution containing PEB2+1% TX100+ l OmM P-ME+lmM PMSF. The beads were resuspended in solution by inversion. After the
initial washes, the beads were washed once more with the same solution, but this time without the
TX-100 detergent. All ofthe wash buffer was then removed and the protein was eluted off column
with six l mL volumes of an elution buffer containing 50ul PEB2, l OmM

P-ME, and

IOmM

Glutathione. 20ul of the eluate samples were mixed with 4ul of 5xSS8. 50ul of the beads were
also collected and mixed with 50ul of2xSSB to create the bound fraction. All of the samples were
then analyzed via SDS-PAGE gel electrophoresis and a BioRad protein assay was used to check
the concentration of Atgl1CC2-3.

3H: Expression and purification of His-TEV protease
A strain of BL21 cells containing a vector for the expression of His-TEV was a generous
gift of Dr. Dan Klionsky. Purification of His-Tev followed previously published procedures. 13• 14
In brief: I inoculated a 25 mL LB + CAM culture with a swab from the freezer stock of the His
Tev protease (SKB 329). The culture was allowed to grow overnight at 37 °C, shaking at 225 rpm.
This culture was used to further inoculate 400ml of TYM - 5052 autoinduction media + CAM.
The new culture was split evenly between eight 250ml baffled flasks and left to incubate overnight
at 37°C, shaking at 225-250 rpm. The culture was then spun down at 3,500 rpm for 15 minutes in
two 225ml centrifuge bottles. The supernatant was poured off and the bottles were placed on their
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sides, pellet-side down, for 30 minutes at 20°C. The pellets were then popped out and placed into
a 50mL conical tube and the combined mass of the pellets was measured.
To purify the TEV protease, I first resuspended the pellet from in lysis buffer which
consisted of 50mM sodium phosphate, pH 7.5, 300mM NaCl, 20% ethylene glycol, 4mM P-ME
and IOmM imidazole. The buffer was added at a ratio of6mLof buffer per gram of wet cell paste.
The cells were lysed by sonication consisting of 3 pulses at a power level of 6 in 60 second
intervals, with 1 minute cooling in between cycles. After sonication, the rest of the protocol was
performed at 4°C. The lysed cells were then centrifuged at 15,000g for 15 minutes. The cleared
lysate (supernatant) was loaded into a new 50 mL conical tube with prewashed nickel resin for
batch binding in a ratio of 1mLof resin per gram of cell pellet. The resin was allowed to rotate at
4°C for 60 minutes. After mixing, the beads were collected by centrifugation at 500g for 5 minutes
and washed with 50mLof a buffer containing l OmM Tris-HCl (pH 7.5), 500mM NaCl and 4mM

P-ME with 25mM imidazole. The bound resin was then loaded into a 20mL column for further
washing and elution. The beads were washed with 5 column volumes of the wash buffer.
The protease was eluted twice with varying amounts ofimidazole in the elution buffer. The
first elution was done with 250mM imidazole in the elution buffer and the second with SOOmM
imidazole. The rest of the elution buffer consisted of 50mM sodium phosphate (pH 8.0), 200mM
NaCl and 10% glycerol. After elution, the sample was subjected to dialysis within a 2K
SlideALyzer cassette (Thermofisher), against the storage buffer, overnight. The storage buffer
consisted of 50mM Tris-HCl (pH 7.5), 0.5mM DTT and 50% glycerol. After dialysis, the
concentration of the purified TEV protease was checked via a BioRad protein assay.

18

31: Cleavage of the GST tag
The process of cleaving the OST tag from GST-Atgl 1CC2-3 involved first purifying the
protein via the large-scale protein purification protocol. However, instead of perfonning the
elution step, after the three-initial bead washes I washed the beads once more PEB I+ l OmM �
ME+l mM PMSF. I then resuspended the beads in the same buffer solution and transferred it to a
column. I allowed two more column volumes of buffer to flow through in order to pack the resin
finnly. Next, I eluted the protein off the column with PEBl + l OmM BME+lmM PMSF+IOmg
glutathione and collected 7 fractions of the eluate. I then ran a BioRad protein assay to check the
concentrations of the different eluate fractions. I pooled the fractions that yielded the highest
concentration of protein. To the pooled eluate mixture, I added 8ul of purified His-Tev protease
(3.58 mg/ml) for batch cleavage. The next step was to dialyze the mixture against PEB2 to allow
the glutathione to leave solution. For dialysis, I first hydrated the membrane of a 2K SlideALyzer
cassette for 2 minutes in PEB2. Then I injected my pooled sample of eluate into the cassette with
a syringe (22 gauge 1.5-inch needle). I left the sample to dialyze against PEB2 at 4°C overnight.
After dialysis, I collected a sample for SDS-PAGE gel analysis and for a BioRad protein assay. I
then made 1 OOul aliquots of the remaining protein and snap froze them. They were stored at -80°C
for future use.

19
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3J: Self-interaction pulldown assay
The Self-interaction assay required l OOul each of purified OST-Atg 1 1CC2-3 and pure OST
as well as 200ul of pure Atgl 1CC2-3. I then took 200ul of glutathione resin and washed the beads
3 times with PEB2. I resuspended the beads in an equal amount of PEB2. For instance, if there
was l OOul of bed volume, I added l OOul of PEB2. I then added (50uL) of the beads to each of 4
different 1.5mL tubes. To two of the tubes, I aliquoted 50ul of the OST-Atg l 1 and to the other two
tubes I aliquoted 50ul of the pure OST. I made sure that the concentration of OST was same as the
concentration of OST-Atgl I added. To do so, I detennined the weight (µg) of OST-Atgl 1 in the
50ul added. Then I used the concentration of pure GST (0.4 mg/ml) to convert to the correct
volume of pure GST, with PEB2 as the adjustment buffer. I then allowed these samples rotate at
4°C for 30 minutes. After rotation, I aliquoted 50ul of the pure Atgl 1 into each of the tubes and
allowed the new mixtures to rotate at 4°C for 60 minutes. After the binding was complete, I
harvested the beads by gentle centrifugation (500 x g) and saved the supernatant for analysis of
the unbound fractions. I washed the bound beads 3 times with 1mL PEB2. After the final wash, I
removed all supernatant with a gel-loading tip. To each sample of beads, I added 50ul of l xSSB
and I added 30ul of 5xSS8 to the unbound fractions. Both the bound and unbound (20ul per lane)
samples were run out on an SOS-PAGE gel.
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4.0 Results
4A: Template selection
In order to decide which region of Atgl1 to express, we used multiple prediction
mechanisms to determine which residue positions would clearly encompass CC2 and CC3. One
study described CC2 as spanning from residue position 536 to 576 and CC3 as 627 to 859. 11
Contrastingly, another paper predicted that Atgl1 's intrinsically disordered regions overlap with
these residues. 12 For this reason we used the Parcoil and Multicoil server to predict the correct
residue positions ourselves. These servers use an algorithm to detect the heptad repeat pattern that
is characteristic of coiled-coil domains. 18 Based on the servers, we determined that CC2 started at
position 537 and CC3 ended at position 853. To encompass both coiled-coil domains, we decided
to express the region from residue 537 to 853. In order to determine the corresponding nucleotide
sequence, we multiplied the residue positons by three. The nucleotide sequence was found to be
from position 1609 to 2559.
ATG11CC2-3 was amplified from two sources to determine which was best for protein
expression. The first template contained ATG23, 27, 11 and 19 on a pRS314 vector. We used a
1:10 and a 1: 100 dilution of this template. The second template was wild type yeast
(Saccharomyces cerevisiae)

genomic DNA. The target region of ATGI 1 was from nucleotide

position 1609 to 2559, or about 950 base pairs. Figure 6 depicts a TBE gel confirming the
successful amplification of the target region of Atgl1. A band appeared around 950bp indicating
the presence of our target DNA, amplified from the template containing ATG23, 27, 11 and 19 on
a pRS314 vector. Contrastingly, our target DNA did not seem to be amplified in the wild type
yeast genomic DNA template (not shown). For this reason, we decided to purify the PCR resulting
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from the 1: 10 dilution of the pRS314 vector template. I checked the concentration of the purified
DNA and found it to be 301 ng/ul.

bp

10000

1000

250

Figure 6: TBEgelfor A TGJ JCC2-3 DNA after PCR amplification. This gel shows the results from
the PCR amplification ofthe pRS3l 4 vector mix using the primers listed in table 1. The lane order
is as follows: 1.) Gene-Ruler 10,000bp ladder, 2.) PCR using a 1:10 dilution of the
pRS314template, 3.) PCR using a 1:100 dilution of the pRS314 template.
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4B: Linearization of pMCSG10
In order to insert the Atgl 1CC2-3 region into the pMCSGl O plasmid, the plasmid first had
to be linearized. Two linearization reactions were done via PCR amplification with primers
SKB212 and 213. In one reaction, we used Q5 buffer, while in the other we used Phusion buffer
for amplification. Otherwise, the conditions were identical. Figure 7 shows a TAE gel confirming
that pMCSGlO was indeed linearized. We saw bands at 6000 base pairs, which is what we
expected, because that is the size ofthe pMCSGlO plasmid. Thus, the presence of a band that size
is indicative of successful amplification. We decided to use the sample that was amplified with
Phusion buffer for T4 processing. I found the concentration of pMCSG10 in the purified DNA
sample to be 213 ng/ul, after cleanup with a PCR purification kit. With linearized pMCSGIO and
a purified template, we were able to move on to building the expression construct.

Figure 7: TAE gel confirmation of pMCSGJO linearization. This gel shows the results of
pMCSGlO amplification with primers SKB212 and 213. The lane order was as follows: Lane 1.)
Gene-Ruler ladder, 2.) pMCSGIO amplified with Q5 polymerase, 3.) pMCSGl O amplified with
Phusion polymerase.
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4C: Confirmation of the expression construct
With linearized pMCSG10 and the purified template we were able to successfully build
our expression construct (pMCSG10-ATG11CC2-3), through Ligation Independent Cloning. The
first step was the T4 processing ofboth the insert and the vector, followed by annealing of the two
components and transformation into E. coli. Four separate colonies (Atgl 1 #1-4) were cultured
from the transformation plate and the DNA purified via an Invitrogen miniprep kit. The DNA
concentration for each sample was found: Atgl 1 #1: 73.8 ng/ul, Atgl 1 #2: 25.1 ng/ul, Atgl 1 #3:
61.2 ng/ul, Atgl 1 #4: 71.1 ng/ul.
To verify that these samples contained the desired insert, a PCR was performed with
primers that recognize ATG11 (Figure 8). Two additional plasmids were used as controls for the
PCR: The positive control was the template known to contain ATG23, 27, 11 and 19 on a pRS314
vector, while the negative control was a purified empty pMSCG10 template. In lanes 3 and 4, there
are no bands present which indicates that our ATG11CC2-3 DNA did not properly insert into
pMCSG10 within samples Atgl 1 #2 and #3. However, bands of the expected size did appear in
samples ATG11 #1 and #4. For this reason, we decided to use these two samples for transformation
into Rosetta cells and protein expression.
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Figure 8: TAE gel confirming the creation ofthe expression construct, pMCSG10-ATGJ JCC2-3.
Lane A, ladder; lanes B to G, PCR of putative pMCSG 10-ATG 1 1CC2-3 clones and controls. lane
B Atgl I #1, lane C Atgl 1 #2, lane D Atgl I #3, lane E Atgl I #4, lane F Atgl I (-) Control, and
lane G Atgl 1 (+) control.

4D: Analytical scale fusion test of protein expression
The samples Atgl 1 #1 and 4 were transfonned into the Rosetta expression strain of E. coli
and then an analytical-scale protein expression test was conducted for the samples, since they were
observed to contain the complete construct. The purpose ofthis experiment was to observe whether
or not our samples in fact expressed Atgl ICC2-3, before moving on to larger-scale protein
expression. Figure 9 shows the SOS-PAGE gel results of our first analytical scale test. In lanes
one and two, there are two different protein ladders that we tried out. We ended up using the Page
Ruler ladder for later experiments. In lanes 3 to 6 were the samples of Atgl ICC2-3, either induced
via addition of IPTG, or not induced. Lanes 7 and 8 contained induced and un-induced empty
pMCSGI0, respectively. These two lanes served as negative controls, as they should not express
any Atgl 1CC2-3.
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Our target protein should be expressed with the GST tag attached, as this tag is encoded
in the pMCSG 10 plasmid. Therefore, we expected to see a band at 65 kDa. However, after
inspecting the gel, there was no band present in any of the Atg 1 1 samples. Thus, we decided to
optimize our expression conditions and try auto-induction, rather than manual IPTG induction.

72
55
43
34
26

•Lane 1 : Sul Page-Ruler Protein Ladder
•Lane 2: Sul Blue-Stain Protein Ladder
•Lane 3: 10uLAtg 11 #1 lnducea
•Lane 4: 10uLAtg 11 #1 Un-Induced
•Lane 5: 10uLAtg 11 #4 Induced
•Lane 6: 10uLAtg 11 #4 Un-Induced
•Lane 7: 10ul pMCSG10 Induced
•Lane 8: 10ul PMCSG10 Un-Induced

Figure 9: SDS-PAGE analysis ofthe initial analytical-scale fusion test. The red arrow on the gel
indicates where the 65 kDa range is. As seen on the gel, there are no prominent bands that appear
at these positions in the induced experimental samples.
To optimize our express10n conditions, we decided to retransform the pMCSG 1 0ATG 1 1 CC2-3 plasmid into the Rosetta expression strain using SOC broth instead of SOB. SOC
has added glucose, which represses the expression ofthe GST-Atgl 1CC2-3. We hypothesized that
Atgl ICC2-3 may be toxic to the cells and that they were dying off during transformation. Thus,
we decided that if we could keep the protein expression repressed during the transformation
process, we could improve the longevity of our cells and the overall yield of protein. We also
decided to only use Atg l l #1 as our DNA source, as the construct was confirmed within that
sample by gel analysis, the DNA sequence was verified via the U of M sequencing core, and the
sample yielded the highest DNA concentration. Therefore, we tested three colonies from the
retransformation with Atgl 1 #1 using an analytical-scale fusion test at varying temperatures
(Figures 1 0 and 11). One set ofcultures was auto-induced at 37°C, while the other at 30°C in order
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to test optimal growth conditions. In both cases the controls used were empty pMCSG 10 and
mTangerine. mTangerine is a protein that fluoresces bright pink when expressed, and therefore
serves as a positive control for the autoinduction conditions.
From gel analysis, we saw that our target band at 65 kDa was still not present. The band
was absent from both gels, indicating that the growth temperature difference had no detectable
effect on the expression of our target protein. In both cases, the mTangerine fluoresced bright pink,
indicating that the growth conditions were optimal and that it was not a growth issue. With this
data, we hypothesized that our protein may actually be getting expressed, just in amounts that are
too small to be detectable via analytical-scale fusion tests. Therefore, we decided to move on to a
small-scale resin binding test to determine this.
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•Lane 1 : Page-Ruler
•Lane 2: Colony 1
•Lane 3: Colony 2
•Lane 4: Colony 3
•Lane 5: Empty pMCSG10 (Glutathione-S-transferase)
•Lane 6: mTangerine

Figure 10: Atgl 1 #1 Protein Expression Analysis after auto-induction at 3 7°C. Arrow A shows
the area corresponding to 65 kDA. The lack of a prominent band here implies that the desired
protein was either not expressed, or expressed in a very low concertation.
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•Lane 1 : Colony 1
•Lane 2: Colony 2
•Lane 3: Colony 3
•Lane 4: Empty pMCSG1 0
•Lane 5: Page-Ruler
•Lane 6: mTangerine
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B
Figure 11: Atgl 1 #1 Protein Expression Analysis after auto-induction at 30°C. Arrow B shows
the area corresponding to 65 kDA. Just as in figure 10, the lack of a prominent band here
implies that the protein was either not expressed, or expressed in a very low concertation.

4E: Small scale protein expression and resin binding test
In order to see if our target protein was actually being expressed, we ran small-scale resin
binding test (Figure 12). Lane one represents the purified product of Atgl 1 #1 - colony 1, bound
to the GSH resin. There is a very clear band at the size (65kDa) that we anticipated for our purified
protein. We deduced that out target protein was in fact being expressed, just in small amounts. We
also saw a lot of additional background bands in that lane of the gel. Thus, we decided to move on
to large scale purification to get clearer results.
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•Lane 1: Atgl 1 Colony 1 - bound
•Lane 2: Page-Ruler
•Lane 3: Atgl 1 Colony 1 - insoluble
•Lane 4: Atgl 1 Colony I • soluble
•Lane S: Atgl 1 Colony 2 - bound
•Lane 6: Atgl 1 Colony 2 - insoluble
•Lane 7: Atgl 1 Colony 2 - soluble
•Lane 8: Empty pMCSGl O - bound
•Lane 9: Empty pMCSG 10 - insoluble
•Lane I 0: Empty pMCSG10 · soluble
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Figure 12: Initial small-scale resin binding test. The red arrow on the gel points to GST
Atgl 1CC2-3. The size of this band is approximately 65 kDa, confirming expression of our
target protein.

4F: Large scale protein purification
To get a clearer indication of the expression ofGST-Atgl 1CC2-3 and determine ifwe can
reliably purify the target protein, we conducted large-scale protein expression and purification
(Figure 13). The arrow clearly shows a small band at 65 kDa indicating that we have purified
GST-Atgl 1CC2-3, but in low amounts. Also, the presence of some smaller bands around 25 kDa
suggests that there is some breakdown.
MW
100
70
55
40
35
25

GST·
Atg11·
CC2·3

Figure 13: Initial large-scale purification run. The band we were looking for is present on the
gel, but its intensity is not as high as desired. There also appears to be some breakdown during
purification, and/or binding of non-specific proteins, as can be seen by the lower bands.
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I conducted another large-scale purification with more samples of eluate taken (Figure 14) In
both cases, there was successful expression and purification, however the expression levels were
low and there still appeared to be some breakdown during purification.
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•Lane I : Atgl l Eluate sample 1
•Lane 2: Atgl l Eluate sample 2 i
•Lane 3: Atgl l Eluate sample 3
•Lane 4: Atgl 1 Eluate sample 4
•Lane S: Atgl I Eluate sample 5
•Lane 6: Atgl I Eluate sample 6
•Lane 7: Page�ruler marker
•Lane 8: Atgl 1 Bound sample !

Figure 14: Second large-scale expression andpurification run. The red arrow shows the results of
my second successful resin binding test, with a clear indication of GST-Atg11CC2-3 's presence
in eluate samples 14.

4G: Expression and purification of His-TEV protease
With purified GST-Atgl 1CC2-3 in hand, we were ready for isolation of Atgl 1CC2-3.
However, to cleave the GST tag from Atg11, I first had to express and purify His-TEV protease.
Figure 15 displays the gel that was run after the purification of TEV. From the gel, we can see a
massive band at 26 kDa, which indicates that we have successful isolation ofTEV protease and a
large concentration ofit. To get a more precise measurement ofthe concentration, I ran a BioRad
protein assay and found that we had a 1.681 mg/mL concentration of His-TEV protease. This is
more than enough for cleavage.
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•Lane 1 : Blue-stain ladder
•Lane 2: His-Tev Eluate
(Sample tested after Dialysis)

35

25

Figure 15: SDS-PAGE Gel Confirmation ofPurified His-Tev Protease. The dark band shown by
the arrow indicates a high concentration of His-TEV.

4H: Cleavage of the GST tag
With purified GST-Atg11CC2-3 and His-TEV protease, we were ready to begin the
process of cleaving the GST tag. Figure 16 is the gel from the initial cleavage test. In lanes two
and three, we can see a clear change in band size that is indicative of cleavage. Figure 17 shows
the gels two successful GST-Atgl 1CC2-3 purification and batch cleavage runs. As mentioned in
section 31, we conducted batch cleavage during dialysis. In figure 17, the gel to the left depicts the
last

run

that I conducted. In lanes 7 and 8 there is very heavy background. For that reason, I

included another gel (to the right) from a cleaner run to show that it is possible to achieve purer
results. After the last cleavage run, I also checked the concentration of the final product to
determine the concentration of Atgl ICC2-3 via a BioRad protein assay. I found the concentration
to be -1 mg/mL.
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•Lane 1: Blue stain ladder
•Lane 2: Atgl l + Tev
•Lane 3: Atgl l only

35
25
20
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17
11

Figure 16: Initial GST cleavage test - purified GST-Atgl J, in solution. Arrow A shows the
distinction of a lane with cleavage vs. a lane without cleavage. In the second lane, we can observe
the presence of Atgl 1 by itself and in the third lane we can see GST attached to Atgl 1 .

kDa
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- GST-Atg 1 1 CC2-3

- 35 -

- PurcAtgl lCC2-3

-2s -

'-...... TEV protease

- 20 -

- GST

Figure 1 7: Purification and batch cleavage ofAtgl JCC2-3. Both gels in this figure show
successful batch cleavage of 0ST-Atg11CC2-3, from two separate runs. In both cases, there is a
clear separation of Atgl 1CC2-3 from OST.
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41: Self-interaction pulldown assay
With purified and cleaved Atg11CC2-3 in hand, we were now able to begin testing some
of Atgl l 's interaction behavior. Specifically, we wanted to test whether the CC2-3 region was
able to bind to itselfin vitro. Figure 18 shows the results from the self-interaction pulldown assay.
In short, I first allowed GST-Atgl 1CC2-3 to bind to GSH resin. Then I introduced pure
Atg l lCC2-3 to the sample, with the idea being that if Atgl l CC2-3 shows up on the gel, then
binding between the two CC2-3 regions occurred. As a control, I ran another mixture in parallel.
In the control, pure GST was allowed to mix with the GSH resin instead of GST-Atg11 CC2-3.
Then pure Atgl I CC2-3 was added to the sample. The absence of an Atgl I CC2-3 band would
indicate that Atgl 1CC2-3 does not bind to free GST.
In figure 18 we can clearly see an Atgl I CC2-3 band in lane 4 indicating that Atgl ICC23 is able to bind to itself in vitro. In other words, the CC2-3 region of Atgl I is sufficient for self
interaction. In lane 5 we can see a faint Atgl 1CC2-3 band. We hypothesize that this is due to non
specific binding with free GST. To support this, I ran four replicates of this pull down and
quantified the intensity of the Atgl l CC2-3 band in lane 4 to the band in lane 5. I found that the
ratio of Atgl 1 pulled down by GST-Atgl 1 compared to non-specific pulldown was 1.83 with an
SEM of± 0.504, showing that the specific pulldown is significantly stronger than the non-specific
background.
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Figure 1 7: Self-Interaction pulldown assayfor Atgl l CC2-3.

5.0 Discussion
Our experiments showed that ATG 11CC2-3 can be successfully transformed into E. coli,
expressed and purified. This is the first report of successful expression and purification of any
region of Atgl I from E. coli. We were also able to show that the GST tag associated with purified
Atgl I CC2-3 is cleavable. Lastly, we were able to confirm that the CC2-3 region of Atgl 1 is
sufficient for self-interaction in vitro.
A challenge we faced during experimentation was the presence of heavy background in
our purified protein samples. This phenomenon can be seen in the eluate (pre-cleavage and post
cleavage) lanes of figure 17. The presence of many bands, other than the bands we expected to
see, indicates that our sample is not very pure. We hypothesized that this could be due to
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degradation of Atg11CC2-3 during purification, other proteins non-specifically binding to CC2-3,
and/or proteins non-specifically binding to the glutathione resin. In an attempt to remedy non
specific binding, we tried more washes during purification, but this did not seem to affect the
background and may have added to the degradation. Going forward, we will try different buffer
conditions as a potential fix to the high level of background. Specifically, higher salt
concentrations (0.5-1 M) in the in binding and wash buffers may help reduce the binding of non
specific proteins. We also plan to try a second round of purification. Once we purify our sample
via OST-affinity chromatography, it may be beneficial to then subject our sample to ion exchange
chromatography, with the idea that multiple rounds of purification will further isolate our protein.
Literature has reported that the CC2-3 region of Atgl 1 is crucial for binding with many
different partners, such as Yptl and Atg9. 15• 16 However, little is known about the self-interaction
of Atgl l , via these two coiled-coil domains. We have been able to show interaction of Atgl 1CC23 in vitro and hopefully shed a small amount of light on the mysterious nature of Atgl 1. The future
goal of this project is to continue studying Atgl 1's binding behavior with other Atg proteins in
order to fully understand how Atgl 1 acts as a scaffolding protein.
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